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UNDER WATCR TREATMENT 



PCT;GW7A»632 



This invention relates to an clectrosur^cal instrument for the treatment of tissue in the 
presence of an electrically-conductive fluid medium, to eJectrosurgical apparatus including 
5 such an instrument, and to an electrode unit for use in such an instrumenl. 

Endoscopic elecirosurgciy is usefiil for treating tissue in cavities of the body» and is 
noimally pertbrmcd in the presence of a distension medium. When the distension medium 
is a liquid, this is commonly referred to as underwater elcctrosurgery, this term denoting 
1 0 electrosurgcr\- in which living tissue is treated using an electrosur^cal instrument with a 
treatment clearode or electrodes immersed in liquid at the operation site. A gaseous 
medium is commonly employed when endoscopic surgery is performed in a distensible 
body cavity of larger potential volume in which a liquid medium would be unsuitable, as 
is often the case in laparoscopic or gastroenterological surgery. 

15 

Underwater surgery is commonly perfonned using endoscopic techmques, in which the 
endoscope itself may provide a conduit (commonly referred to as a working channel) for 
the passage of an electrode. Alternatively, the endoscope may be specifically adapted (as 
in a reseaoscope) to include means for mount'mg an electrode, or the electrode may be 

20 inuxKluced into a body cavity via a separate access means at an angle with respect to the 
endoscope - a technique commonly referred to as triangulation. These variations in 
technique can be subdivided by surreal spcd^&y. where one or other of the techniques 
has particular ad\*antages given the access route to the spedfic body cavity. Endoscopes 
with imegral wwking channels, or those characterised as rcscaoscopes, are generally 

25 employed when the body cavity nuty be accessed through a natural body opening - such 
as the cenncal canal to access the endometrial ca^^ty of the uterus, or the urc^ 
the prostate gland and the bladder. Endoscopes spedfically dcagncd for use in the 
endometrial caxiiy are referred to as hysteroscopcs, and those designed for use in the 
urinary tract include cystoscopes, urctlffoscopes and rcsectoscopes. The procedures of 

30 " transurediaJ resection or vaporisation of the prostac gland arc known as TURP and EVAP 
rcspectivdy. When there is no natural body opening through which an endoscope may be 
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passed the technique of triangulation is commonty employed. Triangulation is commonly 
used during underwater endoscopic surgery on joint caxiiies such as the knee and the 
shoulder. The" endoscope used in these procedures . is conunonly referred to as an 
arthroscopy 

5 

Electrosurgerv is usually carried out using either a monopolar instrument or a bipolar 
instrument. With monopolar dcctrosurgery, an aaive electrode is used in the operating 
region, and a conductive return plate is secured to the patient's skin. With this 
arrangement, current passes from the aaive electrode through the patient's tissues to the 

10 external return plate. Since the patient represents a significant portion of the circuit, input 
poAver levels ha\-e to be high (typically 150 to 250 watu). to compensate for the resistive 
current Bmitmg of the patient's tissues and, in the case of imderwater electrosurgery, power 
losses due to the fluid medhim which is rendered partially conductive by the presence of 
blood or other body fluids. Us'mg high power with a monopolar arrangement is also 

1 5 hazardous, due to the tissue heating thai occurs at the return plate, which can cause-severe 
skin bums. There is also the risk of capadtive coupling bet\veen the iiistrxmient and patient 
tissues at the entry point into the body cavity. 

With bipolar electrosurgery, a pair of -electrodes (an active dectrode and a return 
20 dearode) are used together at the tissue ai^lication site. This arrangem^t has advantages 
fiom the safety standpoiitt, due to tte rehtive proxirimy of the tw electrodes so that radio 
frequency currents are limited to the rqpon between the dectrodes. However, the depth 
of effect is directly related to the cfistance between the two electrodes; and, in iq>pltcanons 
requiring very small dectrodes, the inter-dectrode spacmg becomes very snudU thereby 
25 limiting tissue effect and the output power. Spadng the dectrodes further apan would 
often obscure vi»on of the application site* and would require a oKxiiftcation in surgical 
technique to ensure direct contact of both dectrodes with the tissue. 

There are a number of variations to the basic design of the bipohu^ probe. For example, 
30 U.S. Patent Spedfication No.4706667 describes one of the fimdaroemals of the deagn, 
namdy that the ratio of the contact areas of the return dectrode and of the active dectrode 
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is greater than 7: 1 and smaller than 20: 1 for cutting purposes. This range relates only to 
cutting clearode configurations. When a bipolar instrument is used for desiccation or 
coagulation, the ratio of the contact areas of the two d^ctrpdes-may be reduced to 
approximately 1 : 1 to avoid differential electrical stresses occurring at the contact between 
5 the tissue and the electrode. 

The electrical junction between the return electrode and tissue can be supported by wetting 
of the tissue by a conductive solution such as normal saline. This ensures that the surgical 
effect is limited to the needle or active electrode, with the electric circuit between the two 

10 elearodes being completed by the tissue. One of the obvious limitations with the design 
is that the needle must be completely buried in the tissue to enable the return electrode to 
complete the circuit. Another problem is one of the orientation, even a relatively small 
change in application an^ from the ideal perpendicular contact with respect to the tissue 
surface, will change the contact area ratio, so that a surgical effect can occur in the tissue 

1 5 in contact with the return electrode. 

Cavity distension providcs^^ space for gaiiiing: access; ta the 'operati improve 
visualisation, and to allow for maiupulation of instruments. In low volume body cavities, 
panicularly where it is desirable to distend the cavity under higher pressure, liquid rather 
20 than gas is more commonly used due to better optical charaacristics, and because h 
washes blood away from the operative site 

Conventional underwater eiectrosurgcfv has been performed using a non-conductive liquid 
(such as 1.5% glycine) as an irrigant, or as a distension medium to eliminate electrical 
25 conduaion losses. Gydne is used in isotonic concentrations to prevent osmotic changes 
in the blood when intra-vascular absorption occurs. In the course of an operation, veins 
may be severed, with resuhant infiistCMi of the Gquid into the drculatton, which could cause, 
among other things, a dilution of serum sodium which can lead to a condition known as 
water intoxication. 



30 
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The applicants have found that it is possible to use a conductive liquid medium, such as 
normal saJine. in undenvaier endoscopic dectrosurgeiy in place of non^onductive, 
electrbiyte-free solutions. Nonml sali«j is the preferred distension medium in andenvate^ 
endoscopic surgery when dectrosurgery is not contemplated, or a non^earical tissue 
dfect sud, as laser treatment is bring used. Although normal saline (0.9%w/v: ISOmmol/l) 
has an electrical conductivity somewhat greater than that of most body tissue, it has the 
advantage ,ha. dispfecement by absorption or extravasation from d,e operative site 
produces little physiological effect, and the so-called water intoxication effects of non- 
conductive, dectrolyte-frec sohations are avoided. 

CartHH, dioxide is the prderred gaseous distension medium, primarily because of «s non- 
toxic nature and high water, sohibifity. 

In endoscopic procedures in which the distension medmrn is a gas. the appBcants have 
15 found that « « possible to use^an dectricaMy-conductiyc.gas:(suchras aigon> in place of 
carbon dioxide. .Argon is conductive when exdted into a disdarge state, and has been 
employed in both endoscopic and conventionat monopolar dectrosurgeiy as a method of 
increasing the distance between the tissue and the instnimcnt, by providing a conductive 
path bel^veen the ,wo .vhen high vohage dectrosurgical outputs sud, as spray or fulgurate 

20 are bring used. The high voltages used in this application resuh in a very low penetration 
of dm dectrosurgical dfcaimo the tissues making the tedmique only suhable to control 
bleediiig fiom multiple small blood vessds. TWs allows the surgeon to staundi bleeding 
from multiple sites in a suiipcal sites in a surgical wound usiiig a npid -painting- 
tedmique. rather than applying dectrosurgery to cadi individual bleedb^ TTieanson 

25 gas is delivered through a hoOow surgical insmm«»u and passes over the monopolar 
dectrodc exposed at the tip of the instrument as a stream. This produces a region at the 
operative she whid> is ridi in argon, and whidi contributes to the distension of the body 
cavity. High voltage monopolar dectrosurgical outputs are undesirable in endoscopic 

surgery, because of the risks of damaipng stnichires outside the field of vision, by either 
30 capadttve or dinw coupingto a portion of the instmrnem remote from the operath^ site 
often outside the fidd of vision of the operator. 
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The appiicams have developed a bipolar mstnunent suitable for underwater electrosurgery 
using a conductive liquid or gaseous medium. This electrosurgical instrument for the 
treatment of tissue in the presence of a fluid medium, comprises an instrument body, having .7 
a handpiece and an instrument shaft and an dectrode assembly, at one end of the shaft. The 
5 electrode assembly comprises a tissiie treatment (active) electrode which is exposed at the 
extreme distal end of the instrument, and a return electrode which is electrically insulated 
from the tissue treatment electrode and has a fluid comact surface spaced proximaJK* from 
the exposed part of the tissue treatment electrode. In use of the instrument, the tissue 
treatnient electrode is applied to the tissue to be treated whilst the return electrode, bdng 
10 spaced proximally from the exposed pan of the tissue treatment electrode, is normally 
spaced from the tissue and serves to con^)lete an electrosur^cal current loop from the 
tissue treatmeni electrode through the tissue and the fluid medium. This electrosurgical 
instrument is described in the specification^ of our European Patent Application 
969 1 8786. L 

15 

The electrode struaure of this instrumentv in combination with an electrically-conductive 
fluid medmm; largely avoidsnhe . problems^ cxperienced^^^ or bipolar 

electrosurgery. In particular, input power levels arc much lower than those generally 
necessary with a monopolar arrangement (typically 100 watts). Moreover, because of the 
20 relatively large spacing between its electrodes, an improved depth of effea is obtained 
compared with convemional bipolar arrangements. 

The specification of our international Patent Application GB96/0I472 describes an 
irrigated bipolar electrosurgical instrument that can be used in open air or gas-fiOed 

25 environments. This instrunoent includes an internal channel for feeding electrically- 
conductive fhaid (typically saline) to the exposed end of a tissue treatment electrode so as 
to provide a conductive fluid path that completes an electrical circuit to a return electrode 
when the instnun^t is in use. This instrument also tndudes an internal channel for 
removing fluid from the region of the exposed end of the tissue treatment dectrode. When 

30 the fluid is a liquid, such as saline; the preseiKre of thai liquid can cause collateral tissue 
damage, so its renK>val is desirable. This type of instrument is intended primarily (or use 
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in open air or gas-filled environments, and is not suitable for use with electrosurgical 
procedures which require distension of a body cavity. 

However, wtere the vohune of a body cavity is sniall - for example m arthroscopic surgery 
5 where even the large joints, such as the knee, may only accommodate 50-60 mi of 
irrigation fluid - the following problems may occur^ namely: 

(i) Heated fluid in the immediate vicinity of the tissue contact electrode can cause 
collateral tissue damage; 
10 (ii) The products of the tissue vaporised by the tissue contact electrode can cause 
visualisation problems; and 

(ill) Sofl tbsue present in a jdnt space tends to move about^ making it difQcult to apply 
the active elearode to vaporise such tissue. 

15 An arthroscopeelectrode may be charaaerised as shon (100 to 140 mm), and rig^d with 
a working diameter up to 5 nun: It can be introduced through a stab incision into a joint 
cavity (with or without a cannulayusingithctriangulatiore technique:^ Such an electrode is 
operated with a motion which moves the electrode between the 9 (y Oock and 3 O'Qock 
positions on the arthroscopic image. As a result, the dssue to be treated is usually 

20 approached at a shallow working angle with respect to the axis of the electrode. An 
arthroscopic dearode thus needs to have an effect consistem with this ai^ed approach 
to the tis^e. The tissue to be treated, such as mcniscal cartilage, is commonly dense and 
of a high dectricat impedance. An anhroscope dectrode requires output power and 
voltage setmgs that rdlect the type of tissue bdng treated, tl^ size of dectrode, and the 

25 &a that arthrosco^nsts are seeking a speed of efifea comparable to that of the mechanical 
^ver devices they currently employ, albdt with an dectrode of smaller dhnenaons than 
a shaver blade for improved access. 

The aim of the invention is to pro'wde an improved dectrosur^cal instrtmient of this tjrpc. 

30 
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The present mveniion provides a electrosurgical instrumeni for ihc ircatmcnt of tissue in 
the presence of an electrically-conductive fluid mediuni, the instrument comprising an 
instrument shaft, and an dectrodeassembly at one.end of the shaft, the electrode assembly 
comprising a tissue treatment electrode and a return electrode which is electrically 

5 insulated from the tissue trcaunent electrode by means of an insulation member, the tissue 
treatment elcarode having an exposed end for treating tissue, and the return electrode 
having a contact surface which is spaced from the tissue treatment electrode in such 
a manner as to define, in use. a conductive fluid path that coniplctes an electrical circuit 
between the tissue treatment electrode and the return electrode, wherein the electrode 

10 assembly is provided with a plurality of apertures in the region of the tissue treauncm 
electrode, through which apertures vapour bubbles and/or particulate material can be 
aspirated from the region surrounding the tissue ueatment elearode. 

In a preferred embodiment, the instrument further comprises a pump for subjecting the 
15 distal end ponioffof the insimmeni shaft to a^bratmospheriepres^ 

in use, vapour bubbles and/or particulate maieriafc through; said^ apertures from the r^n 
surrounding the tissue treatment electrode. . . 

Advantageously, the purnp is activated cyclically whereby maner is aspirated in a pulsed 
20 fashion: The pump may addiuonally or ahemativehr be aaivatcd only when the tissue 
treatment elcarode is powered for tissue vaporisation. 

Preferably, the instrument further comprises an RF generator having a bipolar outjait 
conncaed to die tissue treatrocm electrode and the return dectrodc. ^ 
25 may be controfled in dq)endcnce upon the voltage output charaaeristics of the RF 
generator. 

The return electrode is spaced from the tissue treatment decirodc so that, m use, it docs 
not contaa the tissue to be treated, and so that the electrical circuit is always comfrfcted 
30 by the conductive fluid, and not simply by arcing between the dectrodes. Indeed, the 
arrancement is such that ardng between acOaccnl pans of the electrode assembly is 
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avoided. thereb>' ensuring that the tissue treatment electrode can become enveloped in a 
vapour pocket so that tissue entering the vapour pocket becomes the preferred path for 
current to flow back to the return electrode via the conductive fluid. 

5 The electrosurgical instrument of the invention is useful for dissection, resection, 
vaporisation, desiccation and coagulation of tissue, as wdl as for combinations of these 
functions. It has a particular application in arthroscopic surgery as it pertains to 
endoscopic and percutaneous procedures performed on joints of the body including, but 
not limited to, such techniques as they apply to the spine and other non-synovial jotnU. 

10 Arthroscopic operative procedures may include: partial or complete meniscectomy of the 
knee joint including memscal cystectomy; lateral retinacular release of the knee joint; 
removal of anterior and posterior cruciate ligaments or remnants thereof, labral tear 
resection, acromioplasty, bursectomy and subacronual decompression of the shoulder joim; 
anterior release of the temperomandibular joint; synovectomy, cartilage ddmdement, 

15 chondropiasty, division of intra^artictilar adhesioi3s»;&acturerand>tendon debridements . . 
applied to any of the synovial joints of>the body; indudng thennal shrinkage of joi^ 
capsules as' a treatment for recurrent dtslocation,^subhixation or repedttve stress iijury to 
any aniculated joint of the body; discectomy either in the treatment of a disc prolapse or 
as part of a. spinal fusion m a posterior or anterior approach to the cervical thoracic 2nd 

20 hmibar spine or any other fibrous joint for amiiar purposes; excision of diseased tissue: and 
haemostasis. 

The instrument of the invention is also useful for dissection, resection, vaporisation, 
desiccation and coagularion of tissue, as wdl as combinations of these functions, with 

25 pantcular application in urological endoscopic (uretlvoscopy, cystoscopy, ureteroscopy 
atd nephroscopy) and percutaneous surgery. Urolo^cal procedures nuy include: dectro* 
vaporisation of the prostate ^and (E VAP) and other variants of the procedure commcmly 
referred to as transurethral resection of the prostate (TURP) tnduding, but not Emited to, 
interstitial ablation of the prostate gland by a percutaneous or pcnsrethral route whether 

30 perfbrtned for benign or maligiumt disease; transurethral or percutaiteous resection of 
urinary tract tumours as they may arise as p rimary or secondary neoplasms, and further as 



ihey may arise anywhere in the urologicai tract from the calyces of the kidney to the 
external urethral meatus; division of strictures as they may arise at the pdviureteric 
junction (PUJ), ureter, ureteral orifice, bladder neck or urethra; correction ofyrrterocoele; 
shrinkage of bladder diverticular; cystoplasty procedures as they pertain to corrections of 
5 voidtnu dysfunction; thermally induced shrinkage of the pelvic floor as a corrective 
treatment for bladder neck descent; excision of diseased tissue; and haemostasis. 

Surreal procedures using the electrosurgical instrument of the tnvemion may also include 
introducing the electrode assembly to the surreal site, whether through an artificial 

10 conduit (a cannula) or a natural conduit, which may be in an anatomical body cavity or 
space, or one aeated sui^cally. The cavity or space may be distended during the 
procedure using a fluid, or may be naturally held open by anatomical stnictures. The 
surgical site may be bathed in a contimtous flow of conductive fluid such as saline sohition 
either to fill and cfistend the cavity, or to create a locally-irrigated environment around the 

!5 lip of the elearode assembly in a gas filled cavity. The irrigating fluid may be aspirated 
from the surgical site to remove products created by application: of the RF energy, tissue 
debris or blood; The procedures inay indude simultaneous^ yicwi^ via an 

endoscope, or using an indirea visualisation means. An irrigated bipolar electrosurgical 
instrument is described in the specification of our International Patent Application 

20 GB96/0I472. 

Advantageously, the exposed end of the tissue treatment elecurode extends laterally 
through a cut-out provided in the insulation member at the cUstal end portion of the 
instrument, the fluid contaa surface of the return electrode overiying the insulation 
25 member in the region of the cut-out. 

In a preferred embodiment, a single ccnlcd aameni constitutes the tissue Ueairoent 
electrode, and said apertures are fonned in the msulation mcirf)cr, the apertures being 
poaiioned arounl and ac^accnt to, the tissue ueaimtnt electrode. Preferably, the filamem 
30 has a diameter King within the range of fix>m 0.05 mni to 1 .0 nun. 
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Alternatively, an apemired plate constitutes the tissue treatment dectrode. the apertures 
of the plate constituting the apertures through which vapour bubbles and/or paniculate 
material can be aspirated. The outer surface of said plate may be formed with recesses 
adjacent to the apertures. The recesses trap vapour pockets, and so reduce the 
5 vaporisation power threshold of the instrument. 

The tissue treatment electrode may be made of nmgsien or of an alloy of tungsten or 
platinum. 

1 0 Preferably, the instrument further comprises a tube positioned within the instrument shaft 
for connecting said apertures to the pump. The tube may be a multi-lumen tube, in wHch 
case it defmes a plurality of channels, the diameter of each of said channds bang at least 
equal to the diameter of the apertures: in the region of the tissue treatment decuode. 
Alternatively, the instrument further comprises a filter at the distal end of the tube. 

15 

The invention aliso provides: aihdectrode unit^fbr w for the 

treatmem of tissuetn the presenceof an decmcaO^'cc^^ the dectrode 

umt comprising a shafi havir^ at one end means for connection to an instrtmnent handpiece^ 
and, moimted on the other end of the shaft an dectrode/assetnbiy con^)rising:a tissue 

20 treatment electrode and a return dearode which is dectrically insulated from the tissue 
treatment dectrode by means of an insulation member, the tissue treatment dectrode 
having an exposed end for treating tissue, and the rettim dectrode having a fhiid contact 
sur&ce which is spaced from the tissue treatment dectrode in suda a manner as to define, 
in use, a conductive fluid path that completes an electrical ctrcutt between dm tissue 

25 treatment electrode and the return dectrode, wherein the dectrode assen^y is provided 
A^th a phirafity of apertures m the region of the tissue treatment dectrode, through which 
apertures vapour bubbles nnd/or particulate material can be as|Hrated from the re^on 
surrotmding the tissue treatment dectrode. 

30 The invention further provides dectrosurgical apparatus comprisii^ a ntcfio frequency 
generator and an dectrosurgical mstrument for the treatment of tissue in the presence of 
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an dectricaUy-conducrivc ftiid mediunv the insmimem comprising an instniment shaft, and 
an dectrode assembly at one end of the shaft, the electrode assembly comprising a tissue 
treatment electrode and a return electrode which is electrically insulated from the tissue 
treatment dectrode by means of an insulation member, the tissue ueatment decuode 

5 having an exposed end for treating tissue, and the return dectrode having a fluid contaa 
sur&ce which is spaced from the tissue treatmem dectrode in such a manner as to define, 
in use, a conductive fluid path that completes an decirical circuit between the tissue 
treatment dectrode and the return dectrode, and the radio frequency generator having a 
bipolar output connected to the dectrodes, wherein the decu^e assembly is provided 

1 0 with a phiraiity of apertures in the region of the tissue treatment dectrode, through wHch 
apertures vapour bubbles and/or particulate material can be aspirated from the region 
surrounding the tissue ireatmwt dectrode. 

The invention will now be described in greater detail, by way of example, with reference 
1 5 to the drawings, in which:- 

Figwc l b a digram showing an decirosui^ m accordance with 

the invention; 

20 Figure 2 is a diagrammatic side elevation of a first form of dearodc unit constructed in 
accordance with the uivention: 

Figure 3 is an enlarged view, lookingg in the direction of the anow A of Figure 2, of part 
of the first form of electrode unit: and 

25 

Figures 4 to 6 are diagrammatic side elevations of second, third and fourth forms of 
dectrodetmit constructed in accordance with the toventioa 

IWcrring to the drawings, Fteure I shows dcctrosufgical apparatus inchiding a generator 
30 1 haviiig an omput socket 2 providing a radio ftcqueiK^ 

coni 4, for an instrurocm in the fbnnofa handpiece 3. Activation of the gencrat 1 may 
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be performed from the handpiece 3 via a control coraicction (not shown) in the cord 4^ or 
by means of a footsvvitch unit 5 connected separately to the rear of the generator I by a 
fooiswiich connertion cord 6 In the tlhistrated embodiment, the footswitch unit 5 has two 
fooiswitches 5a and 5b for selecting a desiccation mode and a vaporisation wode of the 
5 generator 1 respectively. The generator front panel has push buttons 7a and 7b for 
respeaively setting desiccation and vaporisation power levels, which are indicated in a 
display 8. Push buttons 9 are provided as an alternative means for selection between the 
desiccation and vaporisation modes. 

10 The handpiece 3 mounts a detachable electrode unit E. such as the electrode units El to E4 
to be described below. 

Figure 2 shows the first form of electrode unit El for detachable fastening to the 
decirosurmcal insinimcnt handpiece 3, the electrode unit comprising a shaft 10, which is 
15 constituted by a semi-flexible lube made of stainless steefc^or phynox electroplated in 
copper or gold, with an dectrodeasscmWy 12 at a distal end thereof At the other end (not 
shown) of the shaft 1 0, ■ meansi are providcd:for connecting the electrode unit El to the 
handpiece 3 both mechanicaUy and electncally. 

20 The RF generator I (not shown in Figure 2) delivers an electrosurgicai current to the 
dectrode assembly 1 2. The generator 1 includes means for varying the delivered output 
power to suit ^erem dectrosurgicat requirements. The generator may be as described in 
the specification of our European Patent Application 9630455S.8. 

25 The dectrodeurai El indudes an active (tissue veatmem)dectrode 14 wfaidi is constituted 
by a curved fenestrated plate made of tungsten or an alloy of tui^en or platimua The 
active electrode 14 is formed with a phirality of fenestrations 14a, and the r^ons l4bof 
the active dectrode adjacent to the fenestrations define cup-shaped recesses (see Figure 
3). The active dectrode 14 is conneacd to the RF generator 1 via an insulated central 

30 copper condtictor (not shown). A cerannc insulation sleeve 16 surrounds the central 
conductor, the aawe electrode 14 extending laterally therefrom through a cut-out 16a. A 
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polytcirafluoroeihylene. a polyolefim a polyester or ethylene letrafluoroethylcne) 
surrounds the proximal portion of the shaft adjacent to the return electrode 18. The return 
electrode 18 is formed with a hood-like extension 1 8a which extends over the surtace^f 
the sieex-e 16 which is opposite to the cut-out 16a. The electrode unit El can, thus, provide 
5 maximum tissue cnuaucmcnt for shallow workinc angle applications, and is known as a 
side-effect elearode. 

This elearosuracal insmimeni is particularly useful for rapid tissue debuUdng. One of the 
problems which could be encountered when tissue is rapidly ddmlked uang an 

10 arthroscopic electrode configuration, particularly when working in small joint spaces, is 
the production of vapour bubbles ttcncratcd as an end product of tissue vaporisation. Such 
bubbles obscure vision- and can coalesce at the siie of tissue applicauon. so that the 
electrical circuit between the aaivc and return electrodes becomes compronused by the 
absence of conductive fluid. Irregular active electrodes having filamentary, mesh or coiled 

15 spring forms go some way to solving this problem, tas>tbcyvreducc t^^ vaporisation 
threshold as" disctosed inatr, spedfication .of; pur^ Patent Application 

GB97;00065 .Another advantage of these dectrode fonDs is^that t^^ buW)les generated . , 
by vaporisation are smaller than those formed by solid electrodes. As the bnish electrode 
14 of iWs electrosurgical instrument is of irregular shape, it also has thc advamage of 

20 producing rclatK ely small vapour bubbles as the product of tissue vaporisation. The 
production of vapour bubbles is, however, fiiriher reduced as a result of the lovw 
threshold power of vaporisation which resulu from use of the electrode unit El. Tins 
improvement results from the hood4ike extension 18a of the return electrode 18 which 
extends over the back of the active dccirodc 14 . This reduces the separation between the 

25 active electrode 14 and the rewrndectrode 18. thereby reducing 

vaporisation threshold povter of the active dccirodc This enhances the speed of 
vaporisation of the tissue at a lower power than wouW otherwise be required for the given 
active dectrodc area, and hence reduces the formation of vapour bubbles. As the hood-Gke 
extension 18a extends along the entire Icngrfi of the active dectrode 14, a large active 

30 electrode size can be supported, despite the reduction in dectrode separation. 
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18a extends along the entire length of the active electrode 14. a large active elenrode size 
can be supponcd, despite the reduaion in electrode separation. 

In order to reduce fimher the problems of vapour bubble production, the electrode unit El 
5 is provided with a suction pump (not shown) which can remove vapour bubbles via the 
shaft of the insimmem through the fenestrations I4a in the active electrode 14 This 
enhances the elimination of vapour bubbles from an operation site, which is particularly 
advantageous during aggressive tissue debulking The sucUon pump must be controDed so 
that the flow of bubbles through the electrode 14 is balanced to the voltage output 

10 characteristics of the RF generator 1 to prevent excessive cooling of the active electrode 
and a resukant increase in its vaporisation power threshold. The thermal mass of the 
ienestrated active dearode 14 isJower than that of a solid form active electrode, and this 
assists in raf»dly re-establishing the vapour pocket around the active electrode should this 
eerily foDowi« excessive coining. The cup-shaped recesses 14b in the active dectrode 

15 14 help to maintain the vapour pocket by retaining saline despite the fluid flow caused by 
the aspiration of the suctiottininip^;ThetrappedsaiioeabsoA^ so is vaporised 

in preference to the saKnis in the ihiid flow caused by^^t^^ 

The robustness of the dectn)de assembly 12 k also impoitam in^m 
20 because of the tendency of su^eons to use an electrode assembly as a coM mampulator. 
and because of the rigid nature of the tissue to be treated - paniculariy bone and cartilage. 
The hood-like extension ISa adds mecfaamcal strength to the electrode assembly 12, as it 

extends over the ceramic insulation sleeve 16. therrfy reducing the risk of ceranric ftaettire 
and potential breakdown of insulation. 

2S 

The dectrode unit El is intended primarily for use in aithrosa^c suigety wfucfa requires 
raiMd tissue debuDcing by vaporisation. In use. the dectrosurgiGal instrument b mampulated 
to introduce the dectrode assenAly 1 2 into a sdected operation site (for exanqile. withm 
the joim space of a knee), so that the dectrode 14 contacts the tissue to be treated, and 
30 with the tissue and the dearode assembly immersed in saline. 
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The footswhch 5b (or the push bunon 7b) is then opiated to set the required power level 
for vaporisation. The generator I then provides sufiident RF power to the electrode 
assembly 12 to vaporise the saline surrounding the electrode 14: and to mahstain a vapour 
pocket surroundir^ this electrode. Using a brushing technique, whh 6nn pressure against 
5 the tissue surface, rapid dd>uUdt^ of the tissue is achieved. Gently touching the tissue will 
reduce the e&ct^ and can be used to sculpture and snKxnh the residual tissue surface. With 
tissue engageniem« provided the gconoetry of the aaive electrode 14 is appropriate for the 
appfication, the flow of irrigant through the active electrode will be reduced, the anunint 
of reduction depending on the nature of the tissue surface, (he application pressure and the 

1 0 suction pressure. Speed of debutkang will therefore, depend on these varid>les. Once the 
vaporisation occurs, the produas will include vapour bubbles, carbon particles atui tissue 
debris. All of these products are renwved firom the region of the action electrode 14 by 
aspiration caused by the suction pump. The fenestrations 14a are positioned so that 
v^rised tissue is drawn into the instrument, and then evacuated through the instrument 

1 5 shafl 1 0, by the aspiration of the suaton pump. 

The electrode unit £1 is also very effecih^ in removing.hcated saline (distensi fluid) from 
within a joint cavity. The risk of hot distension fluid occurs primarily during power 
application to reach the vaporisation threshold. Once the threshold has been reached, the 
20 power requirement falls by 30-50%. 

Whilst aspiration through the active electrode 14 will remove heated saline fit»n the body 
cavity, and remove any risk of overheating through prolonged activation under conditions 
where the vaporisation threshold is not reached, the coofing effect and disruption of vapour 

25 pockets created around the active electrode will increase the vaporisation threshold. A 
vicious cycle czn, therefore, be created, wherein the more suction applied through the 
electrode 1 4, the nM>re power required to reach the vaporisation threshold, and the greater 
the risk of heating. The other &ctor mfluendng the vaporisation threshold is the ratio of 
return active contact area, and the insulation separation between the two electrodes 14 and 

30 1 8. The size of the active dcarode 14 and the insulation separation must, therefore;, be 
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reduced to the rraramum necessaiy ro achieve the fiinction in order to offset the effects of 
aspiration in elevating the power threshold of vaporisation. 

i* 

The spedficaiion of our Intemationar Patent A|^fication GB97/00065 discloses techniques 
5 for controlling the vaporisation threshold by employing active dearode designs which 
assist in capturing vapour pockets and preventing cooling of the aaivc elearode 
application site by screening from the flow of irrigant provided by channels in an 
endoscope. The fenestrated electrode 14 of Figure 2, which is reminiscent of a grater in 
wKch the hdes are punched outwards from the inside, provides both die aspiration holes 
10 ] 4a and the areas 14b where the vapour pockets may be trapped, to reduce the 
vaporisation power threshold. 

An ahemative or supplementary method of reducing the vaporisation power threshold is 
to pulse the suction pressure, thereby allowang the threshold to be attained between pulses. 
1 5 Such pulses may be synchronised with the output features of the RF generator I . both for 
safety reasons <if there is an cwxhision of the siKAion channd>,'and;t power bursts 

during active sucrion to sustain the vapourr pocket; 
fenestrations 14a in the active elecUDde 14. 

20 A known technique in arthroscopic surgery is to apply suction through a mechanicaL 
tissue^Wing device, so tha tissue present in the joint space, such as the infrapatellar 
fet pad, can be hekl in position witlun the ntbbler jaws by suction whilst it is progressively 
"nibbled" away. 

25 Attractir^ tissue to the aatvc dectrode 14 of the dectrode unit £1 has a simBar effect as, 
for the reasons already given above, compliant tissue adhering to the active dectrode will 
result in a reduction of the vaporisation power threshokl. Adherent tissue will be rapidly 
vaporised, and small tissue partides produced durii^ vaporisation wfll be aspirated fit)m 
the application site. 

30 
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Because of its speed of debulking and side-efiTect conftguratioiu xhc decuode unit El also 
has advantages in urologica) surgery as an EV AP technique for use in conjunction with a 
resectoscope. A rescctoscope electrode unit is introduced very differendy, in that it is 
mounted on an endoscope prior to passage of the assembled instrument through a working 
5 sheath introduced via the urethra. The proximal end of the electrode unit is connected to 
a trigger assembly and an electrical contaa which is int^ral with the resectoscope. By this 
means, the elecuode unit El can be moved back and forth through a defined range of 
motion by operating the trigger mechanism. As the electrode unit El is assembled prior to 
introduction, the size of the tip is not constrained by woildng channel dimensbns. but 

10 rather by the diameter of the working sheath which can be up to 10 ram. Part of this 
diameter is occupied by the support wires to the decUode unit El» wluch wires are 
commonh' bent in a downward angle, with respect to the endoscopic image, to the working 
tip, so that they do not interfere with other visualisation or its operation: The dectrode 14 
can have a length lying within the range of from 3 mm to 4 mm and a width lying in the 

15 range of froml ram to J mm»^^ and this size is necessary to urologi^ surgery given that, 
on average, 20-30 gram& of prostate tissue onist be removed, u:- 

Because of the reservoir effect of the urinary bladder, attd the raoumiDg of the erxioscope 
to view the tip of the active dectrode 14 from bdow, bubble generation during 
20 vapc»isation is less of a problem during endoscopic urotogy, as the bubbles flow away from 
the erkloscope to accumulate in the bladder. Neverthdess, the use of the dectrode urut El 
substantially reduces the possibility of bubble generation cau^ng proUems. 

Although the dectrode imit El is intended primarily for use in the vaporisation of tissue, 
25 it can also be used for desiccation* particularly of synovial menibnmes or to separate 
nnisdeattachn^s. In tMs case, once the dectrode assembly 12 has been imroduced into 
a selected operation site, the RF generator I is actuated uang the footswitch 5a or the 
push buuon 7a to set the rcqmred power Icvd for desiccation. The generator 1 will then 
provide suffident RF power to the dectrode assembly 12 to maimasn the saline adjacent 
30 toAcfenestraied dectrode 14 substantially at Its boiling point witbow 

pocket surroimding that electrode; Tlie tnstrumem can then be tnanipulated by ixioving the 
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electrode 14 across the surface of the tissue to be treated in a side-to-sidc "painting* 
technique. 

The electrode unit EI can also be used for delivering a blended power output. This is 
5 achieved by automatically alternating the output of the RF generator 1 between the 
desiccation and vaporisation power levels, so that more haemostasis is produced then is 
possible in the vaponsatton mode. As a consequence, the speed of tissue ddMjiking is 
reduced, but the increased haemostasis is useful when cutting or debulking vascular tbsue 
structures. Alicmativefy, the output of the RF generator I can be pulsed at the vaporisatim 
10 power level, without cycled activation of the desiccation mode. Tlas produces a less 
aggressive tissue vaporisation than occurs in the vaporisation mode, with a consequent 
reduction in both bubble formation and the risk of tissue diarring. 

Figs 4 to 6 show electrode units E2 to £4 which are modified versions of the electrode unit 

15 El. Accordingly, like reference numerals wilh be^used>: for like parts,^ 

modifications vn\] be descnl>ed'1ndetairt-Thus^ the aatve^^^d unit 
E2 is a coBed spring decUt>defnoumed:whhin^them^t l6a;£Tbe:co]M^ 
14 is made of tungsten or an alloy of nu^en or platinum, and its proximal end is 
connected to the RF generator I via an insulated central copper conductor (not shown). 

20 The electrode unit E2 is. however, provided with fenestrati<His 1 6b formed in the insulation 
sleeve 16, the fenestrations 16b bang posiuoned all around, and adjacem to, the active 
electrode 14. These fenestrations 16b constitute the aspiration pathway for vapour bubbles, 
tissue and debris to be extracted, thereby enhancizig the estab&dunent of vapour pockets 
on the active electrode surface, and the indusion of good vaporisation threshold 

2% properties, whilst cnsurmg good extraction of heated saline. The fenestrations \6b are 
positioned sufficiently close to the active electrode 14 to ensure that substantially all 
vaporised tissue is drawn into the instrument, and then evacuated throu^ the instiument 
shaft 10, by the as|»ration of the suction pump. In a modified version of this embodmient, 
the adjacent turns of the coiled spring electrode could define additional fetiestrations for 

30 assisting with the aspiration of vapour bubbles, carbon particles and tissue debris. 
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The electrode unit E3 of Figure 5 has a "grater" active electrode 14 similar to that of 
Figures 2 and 3 The instrument shaft 10 contains a nuilti-himen tube 22 which defines a 
plurality of aspiration channels 24. The active electrode 14 is connected to the RF 
generator I by means of an insulated copper conductCH* 26. This embodiment has the 
5 advantage chat« if a bolus of saline obstructs one or more of the channels 24. vapour can 
still be aspirated through the residual **open^ channels 24. In this case, the bore of each 
channel 24 must not be narrower than the fenestrations 14a in the active electrode 14« 
thereby preventing obstruction of the channels by particulate debris generated at the tissue 
application site. 

10 

The electrode unit E4 of Figure 6 indudes a stngle-Kimen tube 22 provided with an int^ral 
filler 28 at the distal end thereof The fihcr.28 prevents obstruction of theiimien tube 22 
by particulate debris generated at the tissue^plication site. Alternatively, the fdter 28 
could be fonned integrally withm the insularion sleeve 16 at the distal end of the tube 22. 

15 Again; the filter 28. could coniprise: a.rmesh>.havmgia^smaU:rpoiecaz& foi^pr^^ 
aDowing de-gassing (^tbe>vapGris3tkm pKoducts^wlui^4Cx^^ on the 

filter. In . thisvcase,' gaseous^extraction willrbe: facilitated by^ the fact that the proximal 
single-lumen aspiration tube 22 can be constructed to withstand large vacuum pressures 
without'collapsing. Hcre.again«:the-active electrode 14iis connected to the RF generator 

20 1 by means of an insulated copper conductor 26. 

Each of the etearode umts El to E4 has the additional advantage that the aspiration in the 
region of the active electrode 14 restricts the flow of ccmvection currents in the saline 
surrounding the decurode assembly 12. As the power threshold required to reach 

25 vaporisation is dependent on the power dissipation of the active dectrode 14 and the flow 
characteristics around K the power threshold is dependent upon the maximum rate of 
convection. Consequently, the restriction of the convection cunents reduces the power 
threshold, and this b advantageous as it enables the use of a cheaper RF generator, as weU 
as avoidmg probkmSv such as disstpation within the instrument, and catastroj^ 

30 overheating of the active dectrode. It also fiidfitates control of the generator cmce 
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vaporisation commences. The Imponance of power threshold of vaporisation is discussed 
in greater detail in the specification of our International Patent Application GB97/00065. 

Another advantage of these electrode units is that, in use, the active electrode ]4 feces 
down, so that saline heated thereby rises to the return electrode 18. This leads to a 
reduction of impedance throughout the circuit, and hence to a rcduaion of the heat 
dissipation in the saline path. 



It wiB be apparent that modi6cations could be made to the embodiments described above, 
10 For example, the lumen tubes 22 of the embodiments of Figs 5 and 6 could be used with 
the electrode assembly 12 of Figure 4, that is to say with the fenestrated insulation sleeve 
embodiment It would also be possible to make th& insulation sleeve 16 of each of the 
enibodiments of a silicone rubber (such as a silicone polyurcthane), glass, a polyimidc or 
a thermoplastics material 

15 

Throughout this spedfication^thmmn "pUn^^^ 
controlled vacuum source. 



W0 97/4S346 



PCnGB97/01d 



21 

CLAIMS 

1 . An dectrosurgicai instrument for the treatment of tissue in the presence of an 
eleancaily-conductive fluid medium, the instrument comprising an instrument shaft, and 

5 an electrode assembly at one end of the shafts the electrode assembly comprising a tissue 
treatment electrode and a return electrode which is electrically insulated from the tissue 
treatment electrode by means of an insulation member, the tissue treatment electrode 
having an exposed end for treating tissue, and the return electrode having a fluid contact 
surface \vluch is spaced from the tissue treatment electrode in such a maimer as to define; 
10 in use, a conductive fluid path that completes an electrical circuit between the tissue 
treatment electrode and the return electrode, wherein the electrode assembly is pro\ided 
with, a phjrality of apertures in the region of the tissue^reatment electrode, through which 
apertures vapour bubbles and/or particulate nuuerial. can be aspirated firom the region 
surrounding the tissue treatment electrode. 

15 

2. An dectrosti^catiii5tnmiem;asd^med'in claim comprisusg-apunq) for 
subjecting tbe^xlistal end portion of the instrument shaft, to;a subratn»spheric pressure 
thereby to aspirate, in use, vapour bubbles and/or particulate material through said 
apertures from the region surrounding the tissue treatment electrode. 

20 

3 . An electrosuigical instrument as claimed in claim 2. wherein the pump is activated 
cyclically whereby matter is aspirated in a pulsed fiaishion. 



4, An elearosurgtcal instrument as claimed in daim 2 or claim 3, wherein the pomp 
25 is activated only when the tissue treatment electrode is powered for tissue vaporisation. 

5. An electrosurgical instrument as claimed in any one of claims 2 to 4« further 
comprising an RF generator haviiig a bipolar output connected to the tissue treatment 
electrode and the return electrode. 
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6. An electrosurgical hfistnimem as claimed in claim 5, wherein the pump is controlled 
in dependence upon the voltage output characteristics of the RF generator. 

7 An elearosurgical instmment as claimed in any one of claims 1 to 6. wherein the 
5 exposed end of the tissue treatment electrode extends laterally through a cut-out provided 
in the insulation member at the distal end portion of the instrument, the fluid contact 
surfece of the remm electrode overlying the insulaticm member in the region of the cut-out. 

8. An electrosurgical instrument as claimed in daim 7, wherrin a single coiled filament 
1 0 constitutes the tissue treatment elearode. 



9. An electrosurgical instrument as claimed in claim 8^ wherein said apenures are formed 
in the insulation member, the apertures being positioned around, and adjacent to, the tissue 
treatmem electrode. 

10. An decuoairgicafeinsinimentasciaiixicd 

has a diameter lymg within the range of fiom 0;0S mm to l .O mm. 



1 1 . An electrosur^cal instrument as claimed in claim 7, wherein an apertured plate 
20 constitutes the tissue treatment electrode, the apertures of the plate constituting the 

apenures through which vapour bubbles and/or particulate material can be aspirated. 

12. An etectroairgical instrument as claimed in daim II, wherein the outer sur^ of 
said plate is formed with recesses adjacent to the apertures. 

25 

13. An dectrosurgicalinstnmiem as dented in any one of claims I to 12, wherein the 
tissue treatment electrode is made of tungsteit 



30 



^4 An dectrosur^cal instrument is claimed in any one of datms I to 12, wherein the 
tissue treatment electrode is nude of an alloy of tui^en or platirmia 
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1 5. An dectrosuigical instrument as claimed in claim 2, or in any one of daims 3 to 14 
when appendant to claim Z further comprising a tube posiiioned witWn the instrumem 
shaft for connecting said apertures to the pump. 

5 16. An electrosurgical instrument as claimed in claim 15, wherein the tube is multi- 
lumen tube. 

17. An decnosur^ instrument as daimed in claim 1 6, wherein the multi-lumen tube 
defines a plurality of channels, the diameter of each of said channds being at least equal 

10 to the diameter of the apertures in the region of the tissue treamicm dectrode. 

18. An dectrosurpcal msirumcnt asxiaimed in claim 15. further comprising a filter at 
the distal end of the tube. 

15 19: Andcaiodcuiritformdecurairgica^instruni^ 
presence of aipdectricaHyK^nduetivefluiAincdiums^the^^ 

having at one crvd means for connectioa to rn instrument handpiece, and, mounted on the 
other end of the shaft, an dectrode assembly comprising a tissue treatment dectrode and 
a return dectrode which is dectricafly insulated from the tissue treatment dectrode by 

20 means of an insulation member, the tissue treatment dectrode ha\ing an exposed end for 
treating tissue, and the rcmm dectrode having a fluid comact surface which is spaced from 
the tissue treatmem dectipde in such a mamier as to drfne, in use. a a)nd^ 
that awnpletes an dectricd dram between the tissue treatmem dectrode a^ 
dectrode, wherein the dectrode assembly is provided with a plurality of apertures in the 

25 region oftte tissue ueatmemdecu^ode, through wtedi apertures vapour bi^ 

paniculate material can be aspirated from the region surrounding the tissue treatment 
dectrode. 



30 



20 An dectrode urut as daimed in claim 19, fiirther comprising a pump for sub|ectii% 
the distal end portion of the instrument shaft to a sub-atmospheric pressure thereby to 
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aspirate; in use, vapour bubbles and/or parttcdate materid through said apertures from the 
region surrounding the tissue treatment electrode. 

21. An electrode unit as claimed in claim 20, wherein the pump is aaivated cyclically 
5 whereby matter is aspirated in a pulsed ^hion. 

22. An dearode unit as claimed in claim 20 or daim 2 1 , wherdn the pump is aaivated 
only when the tissue treatment electrode is powered for tissue vaporisation 

10 23. An electrode unit as claimed in any one of claints 20 to 22« further comprising an 
RF generator having a bipolar output connected to the tissue treatment electrode and the 
return electrode. 

24. . An electrode unit as claimed in claim 23, wherein the pump is controlled in 
1 5 dependence upon the voJugc output charaaeristics oftheRF generator. 

25. Electrosurgical apparatus comprising, a radio, frequency, generator acul an 
electrosurs^cat instrtmsent for the treatment of tissue in the presence of an elearicaliy- 
conductive fhiid medium, the instrument comprising an instrument shaft and an electrode 

20 assembly at one end of the shaft, the electrode assentbhr comprising a tissue treatment 
electrode and a return electrode which is electrkally insulated from the tissue treatment 
electrode by means of an insulation member, the tissue treatment electrode having an 
exposed end for treating tissue, and the return electrode having a ihud contact surfrice 
which is spaced from the tissue treatment electrode in such a manner as to define, in use, 

25 a conductive fluid path that completes an electrical drcuit between the tissue treatmem 
electrode and the return dectrode; and the radio frequent^ generator having a bipolar 
output connected to the dectrodes, wherein the dectrode assembly Is provided with a 
plurality of apertures in the re^n of the tissue treatment dectrode. through which 
apertures vapour bubbles and/or particulate material can be aspirated from the r^on 

30 surroundii^ the tissue treatnoent dectrode. 
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26. Electrosurgical apparatus as daimed in claim 25, further comprising a pump for 
subjeciing ihc distal end portion of the instrunient shaft to a sub-atmo^eric pressure 
thereby to aspirate^ in use, vapour bubbles and/or particulate material through said 
apertures from the region surrounding the tissue treatment electrode. 

5 

27 Electrosurgical apparatus as claimed in claim 26, wherein the pump is activated 
cyclically whereby matter is aspirated in a pulsed fashion. 

28. Electrosurwcal apparatus as daimed in daim 26 or daim 27, wherein the pump is 
1 0 activated only when the tissue treatment dectrode is powered for tissue vaporisation. 

29 Electrosurgical apparatus as daimed in claim 28, wherdn the pump is controlled 
in dependence upon the voltage output characteristics of the RF generator 



15 



wo 97/48346 



PCI/GB97AK32 ' 



1/3 




8UBSIIIUTE$IEET(RIA£26) 



wo 97/48346 



2/3 



rCr/GB97i0163X 




sinsrnvrE 8i«r(RULE 26) 



wo 97/48346 



PCT/GB97/01632 



3/3 




SUBSTfTUTE SHEET OWtE 26) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



^oblack borders 

□ image cut off at top, bottom or sides 

□ faded text or drawing 

□ blurred or illegible text or drawing 

□ skewed/slanted images 

□ color or black and white photographs 

□ gray scale documents 

^□Ijnes or marks on original document 

□ reference(s) or exhibit(s) submitted are poor quality 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




THIS PAGE BLANK (uspto) 



